Aggregation operators in group decision making: Identifying citation classics via H-classics by Cabrerizo, F.J. et al.
ScienceDirect
Available online at www.sciencedirect.com
Procedia Computer Science 122 (2017) 902–909
1877-0509 © 2017 The Authors. Published by Elsevier B.V.
Peer-review under responsibility of the scientific committee of the 5th International Conference on Information Technology and 
Quantitative Management, ITQM 2017.
10.1016/j.procs.2017.11.453
10.1016/j.procs.2017.11.453
© 2017 The Authors. Published by Elsevier B.V.
Peer-review under responsibility of the scientific committee of the 5th International Conference on Information Technology and 
Quantitative Management, ITQM 2017.
1877-0509
Available online at www.sciencedirect.com
Procedia Computer Science 00 (2017) 000–000
www.elsevier.com/locate/procedia
Information Technology and Quantitative Management (ITQM 2017)
Aggregation operators in group decision making: Identifying
citation classics via H-classics
F.J. Cabrerizoa,∗, M.A. Martı́nezb, M.J. Coboc, P. Lázaro-Rodrı́guezd, J. López-Gijónd, E.
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Abstract
To analyze the past, present and future of a particular research field, classic papers are usually studied because they identify the
highly cited papers being a relevant reference point in that specific research area. As a result of the possible mapping between high
quality research and high citation counts, highly cited papers are very interesting. The objective of this study is to use the H-classics
method, which is based on the popular h-index, to identify and analyze the highly cited documents published about aggregation
operators in the research area of group decision making. According to the H-classics method, this research area is represented by
87 citation classics, which have been published from 1988 to 2014. Authors, affiliations (universities/institutions and countries),
journals, books and conferences, and the topics covered by these 87 highly cited papers are studied.
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1. Introduction
Group decision making (GDM) is usually seen as the process of selecting the best option/s or alternative/s from a
feasible set according to the evaluations given by a group of people, frequently called decision makers [1]. According
to several known and respected authors in this research field, there are two main processes required to solve a GDM
problem in a proper way [2,3]. The first one is the consensus process, whose main objective is to support decision
makers until obtaining the highest agreement level among their evaluations [4]. The second one is the selection
process, which deals with individual decision makers’ evaluations to compute a collective ranking of alternatives
according to the collective preference [5].
In both processes, an important step is that of the aggregation. In the consensus process, aggregation is used to
calculate the consensus level that the decision makers have reached. On the other hand, in the selection process,
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aggregation is used to compute the collective opinion and to order the options or alternatives from best to worst.
Therefore, many researchers have studied aggregation operators for GDM scenarios.
After many years of a productive research in the area of aggregation operators, it is necessary to look backward
and review the research developed. A systematic evaluation of research is performed as it has been emphasized for
optimizing research allocation, restricting research in particular fields, re-orientating research support, or augmenting
research productivity [6]. To do so, the bibliometric concept of citation classics may be used. Eugene Garfield
introduced this concept to denote the highly cited papers of a particular research field [7]. Citations classics are defined
as documents that are highly cited as designated by the Arts and Humanities Citation Index, the Social Sciences
Citation Index, or the Science Citations Index [8].
Important information for the development of a scientific field can be discovered by analyzing citation classics [9].
For instance, the major advances in the research area may be recognized and the hot topics to motivate other works
may be discovered. Two main ways to identify citation classics were initially used [9]: (i) selecting several documents
in the top of the list of highly cited documents [7], or (ii) setting citation thresholds [10]. However, the disadvantage
of both methods is how to establish the specific threshold, which will change depending on the studied field. Martı́nez
et. al. proposed in [9] a new method to identify the citation classics, which overcomes the above drawback. This new
approach, called H-Classics, is based on the h-index [11], which is a robust bibliometric measure.
In this study, the publications considered as classic in the scientific area of aggregation operators are identified.
In particular, the authors, affiliations (universities/institutions and countries), journals, books and conferences, which
have more contributed to the citation classics, are shown. In addition, the topics covered by these citation classics are
analyzed.
The rest of this study is organized as follows: Section 2 describes both the data used in this analysis and the
approach employed to identify the citation classics. Section 3 shows the obtained results. Section 4 points out some
conclusions.
2. Material and methods
To evaluate research performance, bibliometrics is principally used [8,9]. Its primary supposition is that the more
often a document is cited, the greater its influence on the research area [12]. Based on this assumption, a higher
citation rates means a higher quality [6]. In such a way, citation classics determine the documents that are highly
cited, being a significant reference point in a particular scientific field. In a particular research area, the identification
of the citation classics is beneficial to determine the authors publishing important findings in addition to the long- or
short-term impact of their publications from the literary perspective [6].
Traditional methods identifying citation classics are based on a particular threshold as, for instance, the citation
counts [10] or the number of papers [7]. Based on this, the documents that exceed the particular threshold are assumed
to belong to the collection of citation classics. However, as the choice of the threshold is determined by the scientific
field that is analyzed, there is not rigorous scientific argument to select it. To avoid this, Martı́nez et al. proposed a
new approach based on the h-hindex [11], which was called H-Classics [9]: “H-Classics of a research area A could
be defined as the H-core of A that is composed of the H highly cited papers with more than H citations received.”
To identify the H-Classics in the scientific field of aggregation operators in GDM, the following steps are applied:
• Selection of the bibliographic database to retrieve the scientific production and citations. Due to the ISI Web of
Science (ISIWos) contains the most accurate and reliable citation data, it was chosen as bibliographic database.
• Set the research area under study by defining a query to retrieve the papers. The following query was used to
retrieve the documents: TS=(“aggregation operator” OR “aggregation operators” OR “OWA”), which returned
4099 publications (in July 2017). After a manual manipulation of the documents that were returned, several
papers were chosen in the scope of this study. However, a non-significant percentage of human errors in the
results is possible because the manipulation of the data was manually developed.
• Calculate the h-index in the research area. To calculate the h-index in the research area of aggregation operators
in GDM, the list of returned papers was ordered by citation count using the ISIWos capabilities. As a result, a
h-index equal to 87 was obtained.
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aggregation is used to compute the collective opinion and to order the options or alternatives from best to worst.
Therefore, many researchers have studied aggregation operators for GDM scenarios.
After many years of a productive research in the area of aggregation operators, it is necessary to look backward
and review the research developed. A systematic evaluation of research is performed as it has been emphasized for
optimizing research allocation, restricting research in particular fields, re-orientating research support, or augmenting
research productivity [6]. To do so, the bibliometric concept of citation classics may be used. Eugene Garfield
introduced this concept to denote the highly cited papers of a particular research field [7]. Citations classics are defined
as documents that are highly cited as designated by the Arts and Humanities Citation Index, the Social Sciences
Citation Index, or the Science Citations Index [8].
Important information for the development of a scientific field can be discovered by analyzing citation classics [9].
For instance, the major advances in the research area may be recognized and the hot topics to motivate other works
may be discovered. Two main ways to identify citation classics were initially used [9]: (i) selecting several documents
in the top of the list of highly cited documents [7], or (ii) setting citation thresholds [10]. However, the disadvantage
of both methods is how to establish the specific threshold, which will change depending on the studied field. Martı́nez
et. al. proposed in [9] a new method to identify the citation classics, which overcomes the above drawback. This new
approach, called H-Classics, is based on the h-index [11], which is a robust bibliometric measure.
In this study, the publications considered as classic in the scientific area of aggregation operators are identified.
In particular, the authors, affiliations (universities/institutions and countries), journals, books and conferences, which
have more contributed to the citation classics, are shown. In addition, the topics covered by these citation classics are
analyzed.
The rest of this study is organized as follows: Section 2 describes both the data used in this analysis and the
approach employed to identify the citation classics. Section 3 shows the obtained results. Section 4 points out some
conclusions.
2. Material and methods
To evaluate research performance, bibliometrics is principally used [8,9]. Its primary supposition is that the more
often a document is cited, the greater its influence on the research area [12]. Based on this assumption, a higher
citation rates means a higher quality [6]. In such a way, citation classics determine the documents that are highly
cited, being a significant reference point in a particular scientific field. In a particular research area, the identification
of the citation classics is beneficial to determine the authors publishing important findings in addition to the long- or
short-term impact of their publications from the literary perspective [6].
Traditional methods identifying citation classics are based on a particular threshold as, for instance, the citation
counts [10] or the number of papers [7]. Based on this, the documents that exceed the particular threshold are assumed
to belong to the collection of citation classics. However, as the choice of the threshold is determined by the scientific
field that is analyzed, there is not rigorous scientific argument to select it. To avoid this, Martı́nez et al. proposed a
new approach based on the h-hindex [11], which was called H-Classics [9]: “H-Classics of a research area A could
be defined as the H-core of A that is composed of the H highly cited papers with more than H citations received.”
To identify the H-Classics in the scientific field of aggregation operators in GDM, the following steps are applied:
• Selection of the bibliographic database to retrieve the scientific production and citations. Due to the ISI Web of
Science (ISIWos) contains the most accurate and reliable citation data, it was chosen as bibliographic database.
• Set the research area under study by defining a query to retrieve the papers. The following query was used to
retrieve the documents: TS=(“aggregation operator” OR “aggregation operators” OR “OWA”), which returned
4099 publications (in July 2017). After a manual manipulation of the documents that were returned, several
papers were chosen in the scope of this study. However, a non-significant percentage of human errors in the
results is possible because the manipulation of the data was manually developed.
• Calculate the h-index in the research area. To calculate the h-index in the research area of aggregation operators
in GDM, the list of returned papers was ordered by citation count using the ISIWos capabilities. As a result, a
h-index equal to 87 was obtained.
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• Recover the H highly cited document included in the H-Core. 87 documents belonging to the H-Core were
retrieved to study their authors, affiliations (universities/institutions and countries), journals, books, conferences,
and the topics. In Appendix A, the list of full references is shown.
The retrieved raw data was imported into SciMAT [13], which is a science mapping analysis open source software,
to build a knowledge base and perform a pre-processing step. Particularly, we applied a de-duplication step over
keywords, affiliations, and authors to merge into one entity the items representing the same concept, affiliation, or
author, respectively.
Finally, to represent the topics covered by the retrieved documents, tag clouds are used. A tag cloud (weighted list)
is a very useful graphic representation to study smaller data sets. It is a visual depiction of content tags in a particular
research area in such a way that more common tags are represented in an emphasize or larger font. Although tag clouds
were introduced for website analysis and social networks [14], their use has been also extended to bibliometrics studies
[15]. In particular, Wordle (http://www.wordle.net/) was used in this study to build the cloud tags.
3. Analysis and results
The H-Classics in the research field of aggregation operators used in GDM are analyzed in this section. In par-
ticular, the aspects studied are: (i) longitudinal, (ii) authors and affiliations (universities/institutions and countries),
(iii) journals, conferences and books, and (iv) most used keywords or terms. In the following subsections, the results
obtained in each one of these aspects are represented and analyzed in detail.
3.1. Longitudinal
In the research field of aggregation operators, the h-index is equal to 87. Therefore, the top 87 highly cited papers
are identify as citation classics. In 1988 the first classic was published. In this manuscript, Ronald Robert Yager
introduced the Ordered Weighted Aggregation (OWA) operator, which was a new type of operator for aggregation
whose performance was found to be between those obtained using the OR operator requiring at least on criteria to
be satisfied and the AND operator requiring all criteria to be satisfied [16]. In addition, the properties of this new
operator were investigated.
Fig. 1 shows the distribution of citation classics per year. Since 2004, there is a great growth in the number of
citation classics (59, 67.81%). In particular, 2010 and 2011 are the years where more citations classics were published











































































Fig. 1. Distribution of citation classics per year.
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Table 1. Authors with three or more citation classics.
Rank Author #Citation classics
1 Yager RR 23
2 Xu ZS 21
3 Merigo JM 9
4 Wei GW 7
5 Casanovas M 4
6 Chiclana F 4
7 Herrera F 4
8 Herrera-Viedma 4
9 Filev DP 4
10 Alonso S 3
11 Calvo T 3
12 Gil-Lafuente AM 3
13 Grabish M 3
Table 2. Universities/Institutions with three or more citation classics.
Rank University/Institution #Citation classics
1 Iona College 23
2 Southeast University (Nanjing) 16
3 University of Barcelona 8
4 Chongqing University Arts & Sciences 8
5 De Montfort University 4
6 University of Granada 4
7 Eötvös Loránd University 3
8 Tsinghua University 3
Table 3. Countries with two or more citation classics.
Rank Country #Citation classics









3.2. Authors and affiliations
Tables 1–3 show the quantitative measures of authors and their affiliations (universities/institutions and countries).
In particular, only authors with three or more citation classics, universities or institutions with three or more citation
classics, and countries with two or more citation classics are shown.
According to Tables 1–3, both USA and Peoples R China and their universities and researchers are ranked in the
first positions. Concerning the authors, Ronald Robert Yager (USA) and Zeshui Xu (Peoples R China) are those that
more have contributed in this research field (see Table 1). Regarding the universities or institutions, the US Iona
College has almost three times more citation classics than the third and fourth universities in the rank (University of
Barcelona and Chongqing University Arts & Sciences). In addition, the Southeast University (Nanjing) has two times
more citation classics than the third and fourth universities in the rank (see Table 2). Finally, Peoples Republic of
China and USA are the countries that have published a high number of citation classics (see Table 3). They together
with Spain are the three countries that more have contributed to this research area.
3.3. Journals, conferences, books
The journals, conferences and books, with two or more citation classics are shown in Table 4. In fact, except a
book chapter, all the citation classics are published in journals. The journal Fuzzy Sets and Sytems and the journal
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and the topics. In Appendix A, the list of full references is shown.
The retrieved raw data was imported into SciMAT [13], which is a science mapping analysis open source software,
to build a knowledge base and perform a pre-processing step. Particularly, we applied a de-duplication step over
keywords, affiliations, and authors to merge into one entity the items representing the same concept, affiliation, or
author, respectively.
Finally, to represent the topics covered by the retrieved documents, tag clouds are used. A tag cloud (weighted list)
is a very useful graphic representation to study smaller data sets. It is a visual depiction of content tags in a particular
research area in such a way that more common tags are represented in an emphasize or larger font. Although tag clouds
were introduced for website analysis and social networks [14], their use has been also extended to bibliometrics studies
[15]. In particular, Wordle (http://www.wordle.net/) was used in this study to build the cloud tags.
3. Analysis and results
The H-Classics in the research field of aggregation operators used in GDM are analyzed in this section. In par-
ticular, the aspects studied are: (i) longitudinal, (ii) authors and affiliations (universities/institutions and countries),
(iii) journals, conferences and books, and (iv) most used keywords or terms. In the following subsections, the results
obtained in each one of these aspects are represented and analyzed in detail.
3.1. Longitudinal
In the research field of aggregation operators, the h-index is equal to 87. Therefore, the top 87 highly cited papers
are identify as citation classics. In 1988 the first classic was published. In this manuscript, Ronald Robert Yager
introduced the Ordered Weighted Aggregation (OWA) operator, which was a new type of operator for aggregation
whose performance was found to be between those obtained using the OR operator requiring at least on criteria to
be satisfied and the AND operator requiring all criteria to be satisfied [16]. In addition, the properties of this new
operator were investigated.
Fig. 1 shows the distribution of citation classics per year. Since 2004, there is a great growth in the number of
citation classics (59, 67.81%). In particular, 2010 and 2011 are the years where more citations classics were published











































































Fig. 1. Distribution of citation classics per year.
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Table 1. Authors with three or more citation classics.
Rank Author #Citation classics
1 Yager RR 23
2 Xu ZS 21
3 Merigo JM 9
4 Wei GW 7
5 Casanovas M 4
6 Chiclana F 4
7 Herrera F 4
8 Herrera-Viedma 4
9 Filev DP 4
10 Alonso S 3
11 Calvo T 3
12 Gil-Lafuente AM 3
13 Grabish M 3
Table 2. Universities/Institutions with three or more citation classics.
Rank University/Institution #Citation classics
1 Iona College 23
2 Southeast University (Nanjing) 16
3 University of Barcelona 8
4 Chongqing University Arts & Sciences 8
5 De Montfort University 4
6 University of Granada 4
7 Eötvös Loránd University 3
8 Tsinghua University 3
Table 3. Countries with two or more citation classics.
Rank Country #Citation classics









3.2. Authors and affiliations
Tables 1–3 show the quantitative measures of authors and their affiliations (universities/institutions and countries).
In particular, only authors with three or more citation classics, universities or institutions with three or more citation
classics, and countries with two or more citation classics are shown.
According to Tables 1–3, both USA and Peoples R China and their universities and researchers are ranked in the
first positions. Concerning the authors, Ronald Robert Yager (USA) and Zeshui Xu (Peoples R China) are those that
more have contributed in this research field (see Table 1). Regarding the universities or institutions, the US Iona
College has almost three times more citation classics than the third and fourth universities in the rank (University of
Barcelona and Chongqing University Arts & Sciences). In addition, the Southeast University (Nanjing) has two times
more citation classics than the third and fourth universities in the rank (see Table 2). Finally, Peoples Republic of
China and USA are the countries that have published a high number of citation classics (see Table 3). They together
with Spain are the three countries that more have contributed to this research area.
3.3. Journals, conferences, books
The journals, conferences and books, with two or more citation classics are shown in Table 4. In fact, except a
book chapter, all the citation classics are published in journals. The journal Fuzzy Sets and Sytems and the journal
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Table 4. Journals/conferences/books in which two or more citation classics have been published.
Rank Journal/Conference/Book #Citation classics
1 Fuzzy Sets and Systems 12
2 Information Sciences 11
3 International Journal of Intelligent Systems 9
4 IEEE Transactions on Fuzzy Systems 8
5 Knowledge-Based Systems 6
6 Experts Systems With Applications 5
7 IEEE Transactions on Systems, Man, and Cybernetics - Part A: Systems and Humans 4
8 IEEE Transactions on Systems, Man, and Cybernetics - Part B: Cybernetics 4
9 International Journal of Uncertainty, Fuzziness, and Knowledge-Based Systems 4
10 Applied Soft Computing 2
11 European Journal of Operational Research 3
12 International Journal of Approximate Reasoning 3
13 Computers & Industrial Engineering 2
14 International Journal of General Systems 2
Information Sciences are the most important journals in the research area of aggregation operators as 23 of the citation
classics have been published here. Furthermore, the journals: (i) International Journal of Intelligent Systems, (ii) IEEE
Transactions on Fuzzy Systems, and (iii) Knowledge-Based Systems, with 9, 8 and 6 citation classics, respectively,
have significantly contributed to the development of this research area. In addition, we should point out that the
“Aggregation Functions: A Guide for Practitioners” (Studies in Fuzziness and Soft Computing), is the only book in
which a citation classic has been published as a book chapter.
3.4. Most used keywords or terms
Finally, to discover the topics covered by the 87 citation classics published in the scientific area of aggregation
operators, a tag cloud was built. To do so, both the keywords given by the researchers and those given by the bib-
liographic database (ISI Keywords Plus) were used. In bibliometric analysis, analyzing keywords is a common ap-
proach to discover main trends in a particular scientific area. Here, the occurrence of the terms that appears in the
keywords are described. Before, SciMAT [13] was used to perform a stemming analysis with the purpose of identi-
fying similar keywords and count them together. The tag cloud in which the size of the terms are proportional to its
frequency is represented in Fig. 2. It is observed that, naturally, “aggregation” and “owa-operators” are the most im-
portant keywords. However, it is notable how other connected terms also have a strong importance. Some of them are
mainly related to the structure in which the decision makers provide their opinions (“fuzzy-sets”, “intuitionistic-fuzzy-
set”, “hesitant-fuzzy-set”, “vague-sets”) and others are related with the type of decision problem (“group-decision-
making”, “multicriteria-decision-making”) . Furthermore, other concepts as, for instance, “consensus” and “weights”,
are also important in this research field.
Fig. 2. Main topics cited in keywords.
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4. Conclusions
A bibliometric study with the purpose of identifying the citation classics in the research area of aggregation opera-
tors has been performed here. To do so, the concept of H-Classics [9] has been used to perform the characterization of
the citation classics. In the study, 87 citations classics have been identified and analyzed to show their their authors,
affiliations (universities/institutions and countries), journals, books, conferences, and topics covered. Ronald Robert
Yager, the Iona College, and Peoples Republic of China, are the author, institution and country, respectively, that more
have contributed to development of this scientific field. In addition, Fuzzy Sets and Systems and Information Sciences
are the journals in which more citation classics have been published.
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[9] Martı́nez MA, Herrera M, López-Gijón J, Herrera-Viedma E (2014) H-classics: characterizing the concept of citation classics through
h-index. Scientometrics 98(3):1971–1983
[10] Ponce FA, Lozano AM (2011) The most cited words in Parkinson’s disease. Movement Disorders 26(3):380–390
[11] Hirsch JE (2005) An index to quantify an individual’s scientific research output. Proceedings of the National Academy of Sciences of the
United States of America 102(46):16569–16572
[12] Garfield E (1979) Citation indexing: its theory and application in Science, Technology, and Humanities. John Wiley & Sons, Inc. NY
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